Vascular access thrombosis (VAT) is a major cause of morbidity in chronic hemodialysis (HD) patients and is characterized by chronic inflammation. Pulse pressure (PP) is positively associated with chronic inflammation. Whether patients with high PP are at a higher risk for VAT, however, remains unknown. We retrospectively reviewed chronic HD patients with a functional vascular access point at the China Medical University Hospital between 1986 and 2005. The association between PP and the initial development of VAT at the primary vascular access point was examined using the Kaplan-Meier analysis and multivariate Cox proportional hazards regression. A total of 576 chronic HD patients (264 men and 312 women) with a mean age of 56.9 ± 14.0 years were reviewed, of whom 145 (25.2%) experienced at least one episode of VAT. Patients with a PP460 mm Hg had a lower VAT-free survival rate compared with those with a PPo60 mm Hg (Po0.001). Using Cox regression with adjustments for age, systolic blood pressure and vascular access types, PP (every increase of 10 mm Hg) and serum C-reactive protein (CRP) (every increase of 1 mg per 100 ml) were found to be independently associated with an increasing risk for VAT, with a hazard ratio of 2.57 (95% confidence interval: 1.5-4.4, P¼0.001) and 1.14 (95% confidence interval: 1.01-1.27, P¼0.017), respectively. High PP was associated with the development of VAT in chronic HD patients. This association was independent of serum CRP levels.
INTRODUCTION
Vascular access thrombosis (VAT) is one of the most common causes of morbidity and is the major cause of hospitalization in chronic hemodialysis (HD) patients. 1 In the traditional view, neointimal hyperplasia and luminal stenosis are the keys to the development of VAT. 1 Mounting evidence has shown that VAT is associated with an increase in systemic inflammation markers, such as C-reactive protein (CRP) 2 and homocysteine, 3, 4 in chronic HD patients. An increase in inflammatory markers, such as macrophages, lymphocytes, vascular cell adhesion molecule-1, tumor necrosis factor-a and interleukin-6, is found on primary stenotic lesions. 5 This suggests the chronic inflammatory nature of VAT.
Elevated pulse pressure (PP) is associated with an increase in overall mortality and cardiovascular events in chronic HD patients. 6, 7 Several specific measurements of PP, such as central PP 8 and nocturnal PP, 9 are also associated with increasing mortality and cardiovascular disease in patients with end-stage renal disease. PP is positively associated with an increase in CRP 10 and other inflammatory markers, such as intercellular adhesion molecule-1 and interleukin-6. 11 Every 10-mm Hg increment of PP is associated with a 22% increase in cardiovascular risk and systolic blood pressure (SBP), resulting in a 10% increase in cardiovascular risk. 12 PP, serum CRP and plasma homocysteine are positively associated with an increase in atherosclerotic plaques and intima-media thickness in uremic patients. 13 Given that VAT and elevated PP are associated with a chronic inflammatory condition, it is possible that elevated PP is associated with the development of VAT in chronic HD patients. We conducted this study to determine the association between PP and the development of VAT in chronic HD patients.
METHODS
All chronic HD patients dialyzed for more than 3 months (in three 4-h sessions per week) between 1986 and 2005 at the China Medical University Hospital were reviewed. A total of 576 patients dialyzed through a primary functional vascular access point, including native arteriovenous fistula and arteriovenous graft (AVG), were included; 363 patients with temporary vascular access and a history of non-functional vascular access were excluded. SBP and diastolic blood pressure (DBP) were measured monthly, with the patient in the supine position before HD sessions, and the 3-month average blood pressure was used for analysis. PP was calculated as SBP-DBP. The mean arterial pressure was calculated as (SBP+2ÂDBP)/3. The duration of vascular access was recorded from the initiation of HD treatment through the functional vascular access point to the date of the first VAT episode or December 2005. This duration was shortened by death, on being shifted to peritoneal dialysis, on undergoing kidney transplantation or being transferred to another HD center. A VAT event was defined as a sudden cessation of function of the vascular access, rendering HD impossible and requiring a thrombectomy, thrombolysis or acute placement of another HD access. 2 Biomarkers including hematocrit, creatinine, uric acid, albumin, cholesterol, triglyceride, total calcium and phosphate were recorded every month. Intact parathyroid hormone and K t /V urea were recorded every 3 months. CRP was recorded at the initiation of HD and every year. For patients with more than two values of biomarkers available, the average value was used for analysis. Hypertension was defined as a history of blood pressure4140/90 mm Hg for 42 years that required the initiation of antihypertensive therapy by a primary physician. 14 Diabetes mellitus was defined as a fasting glucose level of 140 mg per 100 ml, a non-fasting glucose level of 200 mg per 100 ml or a history of or treatment for diabetes. 15 Coronary arterial diseases-self-reported or evaluated in their medical records-included myocardial infarction, coronary artery bypass graft, percutaneous transluminal angioplasty, coronary stenosis greater than 50% and ischemic stroke at the beginning of HD. 16 
Statistical analysis
All data were analyzed using a standard statistical package (SPSS for Windows, version 12; SPSS Inc., Chicago, IL, USA). Clinical and demographic data are reported as mean±s.d. or percentage frequency when appropriate. Student's t-test or the Mann-Whitney U-test was used for continuous variables and a w 2 -test was used for categorical variables. A receiver-operating characteristic curve and the area under curve were created to identify multiple blood pressure measurements, including PP, SBP, DBP and mean arterial pressure, for the prediction of VAT. The VAT-free survival curve according to the patients' PP was analyzed using the Kaplan-Meier estimation. Factors that were significantly different between patients with and without VAT events were analyzed using univariate Cox regression. Factors with a P-value less than 0.05 and well-known risk factors such as age and coronary arterial disease were further analyzed using multivariate Cox regression. A P-value less than 0.05 was considered as statistically significant.
RESULTS
We retrospectively reviewed 576 chronic HD patients (264 men and 312 women) with a mean age of 56.9 ± 14.0 years. In an average follow-up time of 57.3 months, 145 (25.2%) patients developed at least one episode of VAT. The demographic characteristics of the entire study population are shown in Table 1 . Of the patients who developed VAT, 46.9% had diabetes. This was significantly higher than the percentage of diabetic patients who did not have VAT (33.9%; P¼0.005). Patients who developed VAT had a higher SBP and PP than those who did not develop VAT (Po0.001 and Po0.001, respectively). Of our patients, 78.8% had a forearm native arteriovenous fistula (nAVF), 9.2% had an upper-arm nAVF and 8.9% had a forearm AVG. Patients with VAT had a lower frequency of nAVF (Po0.001, w 2 -test) and a higher frequency of upper-arm nAVF (Po0.001) and forearm AVG (Po0.001). In all, 17 (18.6%) of 145 patients with VAT received warfarin, whereas only 3.2% of patients without VAT received warfarin (Po0.001, w 2 -test). The biochemical characteristics of the entire study group are shown in Table 2 . Patients who developed VAT had lower serum cholesterol levels and higher serum CRP levels compared with those who did not develop VAT (P¼0.003 and P¼0.001, respectively).
The receiver-operating characteristic curve and the area under curve for different blood pressure measurements and their ability to predict the development of VAT are shown in Figure 1 . The areas under curve for PP and SBP were 0.613 (Po0.001) and 0.588 (P¼0.001), respectively. The area under curve for DBP was 0.525 (P¼0.367) and that for mean arterial pressure was 0.555 (P¼0.048). The optimal cutoff for PP was 60 mm Hg, which is consistent with the cutoff suggested in previous studies. 7, 8, 17, 18 The VAT-free survival curve according to PP is illustrated in Figure 2 . Patients with a PP460 mm Hg were more at risk for VAT than were patients with a PPo60 mm Hg (Po0.001, log-rank test).
The parameters that were significantly different between patients with and without VAT were further analyzed using univariate Cox regression. The variables used were gender and age, which were borderline significant, and hypertension and coronary arterial disease, which are well-known risk factors for VAT. 1 The following hazard ratios (HRs) of possible risk factors are shown in Table 4 . Every 10-mm Hg increment of PP was associated with an HR of 2.57 (95% confidence interval: 1.5-4.4, P¼0.001). In the multivariate Cox regression adjusted for age, SBP and the method of vascular access, the HR for patients with a PP460 mm Hg was 1.77 (95% confidence interval: 1.08-2.92, P¼0.024), suggesting that patients with a PP460 mm Hg had a 77% increased risk of developing VAT compared with patients with a PPo60 mm Hg. Serum CRP independently predicted VAT, with an HR of 1.14 (95% confidence interval: 1.01-1.27, P¼0.017).
DISCUSSION
We found that PP was associated with the development of VAT in chronic HD patients and that the effect was independent of serum CRP levels. This was supported by two major findings. First, an increase in PP of 10 mm Hg was associated with a 2.57-fold increase in VAT risk. Second, patients with a PP460 mm Hg had a 77% increase in VAT risk compared with patients with a PPo60 mm Hg. The increase in PP has been found to be associated with vascular deformations, 19 and reducing PP may normalize small-artery struc- ture. 20 As vascular intimal hyperplasia and medial thickening are the major causes of VAT, the association between PP and VAT may be explained by the development of intimal hyperplasia and medial thickening in patients with increasing PP. We also found that serum CRP was positively associated with PP (r¼0.619, P¼0.032, Pearson's correlation). An elevated PP has been shown to be associated with an increase in indicators for inflammation. 2,3,17,21,22 Elevated PP could induce an inflammatory state and increase the risk for atherosclerosis. 15, 21, 23 On the basis of mounting evidence that suggests that VAT is an inflammatory condition, 2,3,5 this may explain the increasing risk for VAT in patients with higher PP. The anatomical location of vascular access is very important for the long-term patency of the vascular access point. In general, the survival of patients with a forearm nAVF was more favorable than that of patients with an upper-arm nAVF, followed by that of patients with an AVG. [24] [25] [26] Approximately 90% of our HD patients had an nAVF, and patients with a primary upper-arm nAVF or AVG had poor vascular access preservation at the beginning of HD. It is not surprising that patients with upper-arm nAVFs or AVGs are more at risk for VAT than those with forearm nAVFs. The results from the unadjusted Cox regression model showed that upper-arm nAVF, forearm AVG and upper-arm AVG were associated with a 3.375-, 3.528-and 3.563-fold increase in the risk of VAT compared with those with a forearm nAVF. We stratified the method of vascular access in the multivariate Cox regression because the VAT risk was not significantly different among patients with forearm and upper-arm AVGs. In addition, warfarin treatment was associated with an increased VAT risk (Table 3) ; however, this was not found to be statistically significant in the adjusted Cox regression. Most of the patients received warfarin treatment in our study because of an underlying disease, such as deep vein thrombosis or atrial fibrillation. This finding may be explained by the association between underlying disease and VAT.
In a subgroup analysis of the REASON study, angiotensin-converting enzyme inhibitor was correlated with a diuretic decrease in PP, especially in patients with a baseline CRP43 mg l À1 . 27 Similarly, Christensen 20 had suggested that reducing PP in hypertension may normalize the small-artery structure. Our findings (Table 4) partially support the role of PP-related inflammation indicated by increasing CRP levels in VAT patients. Owing to the lack of a cause-and-effect relationship between elevated PP and increasing CRP levels in our study, it is difficult to conclude that elevated PP results in inflammation and VAT. As PP is associated with inflammation and VAT, more studies are needed to explore whether a lower PP can decrease the risk of VAT.
In conclusion, an elevated PP was associated with the development of VAT among chronic HD patients with a functional vascular access point. The association between PP and VAT was independent of serum CRP levels. More interventional studies are needed to determine if treatment that decreases PP can decrease the risk of VAT among chronic HD patients.
